RECENT ADVANCES in ultrasound instrumentation have yielded noninvasive techniques combining highresolution two-dimensional echocardiographic imaging with quantitative pulsed or continuous-wave Doppler techniques. The combination has added to the descriptive capabilities of two-dimensional echocardiography a variety of new clinical ultrasound applications related to defining blood flow patterns in the heart. Examples of qualitative applications of Doppler might be detection of mixed valvular insufficiency, such as tricuspid regurgitation in a patient with predominant mitral valve disease, or detection of a "silent" ductus arteriosus in a critially ill premature infant.
Among the quantitative applications of Doppler techniques that have assumed substantial importance in the evaluation of valvular heart disease are methods using the maximal velocity of flow across a stenotic valve to estimate transvalvular gradients.' 2 Difficulties in the clinical application of the velocity-gradient method rest in ensuring that the highest velocity area of the jet has been interrogated in a direction parallel to flow. Controversy still exists as to whether simultaneous imaging should be used to achieve the spatial orientation necessary for determining the angle of interrogation relative to flow or whether nonimaging methods should be used to orient the direction of Doppler interrogation based exclusively on the audio signal, assuming the cleanest sounds and highest recorded velocity correspond to the direction of flow.
Other methods have also been described that attempt to quantitate valvular insufficiency by moving a single pulsed Doppler sample volume around within the cavity receiving the regurgitant flow to describe the spatial From Although limitations appear to be present in early versions of these systems, mostly related to velocity aliasing even at physiologic velocities, to signal-tonoise problems for signals obtained from deep structures, and to their basic Doppler spatial resolution, the controversies and difficulties in Doppler methods cited above are not so different from some of the questions that arose over M mode echocardiography related to the understanding of specific M mode echo patterns of chordal or valve motion in terms of cardiac function and anatomy. In fact, the early two-dimensional systems were believed to have signal-to-noise problems and were thought to be lower in resolution than M mode. Since standardization and ease of acquisition of M mode tracings and a greater understanding of M mode patterns have obviously been achieved from the spatial orientation gained with the mating of M mode and two-dimensional echocardiography, it can be expected that a greater understanding of the meaning of CIRCULATION PERSPECTIVE Doppler flow waveforms and greater ease in the standardization of their acquisition at known angles of incidence from known locations of the heart will be achieved by the mating of single-gate or continuouswave Doppler interrogation with the two-dimensional flow mapping that has been achieved in these new systems. It is also important to point out that M mode was not made obsolete by two-dimensional echocardiography and that both single gate pulsed Doppler interrogation and continuous Doppler-derived spectral velocity waveforms displayed to show velocity as a function of time will not be obviated by this new technology. Like two-dimensional compared with M mode echocardiography, however, there are specific applications of two-dimensional Doppler flow mapping that will be the direct results of the spatial display of information and will not be available from waveform Doppler alone.
The real-time display of these devices is obviously dynamic. However, it would be judicious to point out that even though the Doppler-derived information looks easier to understand in this format, a large amount of information is being displayed at any instant in time and a substantial learning curve is still required in the performance and understanding of this type of examination.
A variety of applications have already been suggested for Doppler flow mapping as potentially important new additions to Doppler capabilities.5' 6 8 12 Qualitatively, flow mapping allows a rapid orientation to the presence and position of small atrial and ventricular septal defects. Of substantial importance is the potential spatial orientation the technique provides for identification of small (figure 2) or even multiple septal defects. ' 2 The rapid identification of valvular insufficiency has been reported on by Miyatake et al. 6 and Yock et al. v0 although there are some apparent signalto-noise problems in color-coded Doppler flow data at the depths often necessary for the detection of mitral insufficiency. 10 Of substantial interest in the evaluation of valvular insufficiency is preliminary evidence that flow mapping provides a semiquantitative approach to the determination of the severity of the valvular insufficiency.6 8 9 Spatial distribution of the regurgitant jet in the left ventricle in dogs with experimentally produced aortic insufficiency was quantitatively related to regurgitant fraction in a recent study from our laboratory.9 The real-time display of the aortic regurgitant jet seems to greatly facilitate this application of Doppler techniques 6
Experience in Japan6 and in the United States13 also suggests that even though these systems are limited in color. This layered appearance is illustrated in figure 3 and shows not only the spatial orientation of jets and the area of highest velocity but also the angular orientation of jets from the stenotic lesions. This allows one to perform guided continuous Doppler interrogation across the highest velocity area and to perform rational angle correction within the plane of imaging.
Finally, the controversy that still exists for Doppler volume flow calculations is whether they have indeed achieved "clinical" accuracy. The Doppler flow mapping systems provide an index of the "area of flow" by solving for flow within the image. Such a flow area may be especially useful in patients with low cardiac output. The area of the imaged flow, especially if from a region of the heart or a great artery identified as having a fairly flat flow profile when combined with selected single-gate spectral Doppler time-velocity waveforms, may provide a more accurate method for calculating volume flow (figure 4) without reliance on anatomic boundaries.
Conclusion. The new color flow mapping Doppler technologies provide a dynamic method for studying the spatial distribution of blood flow velocities in the heart, unlike aAy noninvasive or invasive technique previously available. The advent of these new instruments represents a substantial opportunity for advancing the applications of Doppler echocardiography and for furthering our understanding of the patterns of blood flow in the circulatory system in health and disease.
